Learning from different representations, such as text and pictures, is supposed to be more effective than learning from text alone. However, there is very limited research on potential differences between students with and without dyslexia with respect to learning from different representations. This study compared students with and without dyslexia working with multiple information sources on a socio-scientific issue in a digital environment. Participants were 44 Norwegian tenth-graders, of whom 22 were diagnosed with dyslexia. All participants were presented with a researcher generated Internet site containing three different web pages, each including a video, a text, and a picture, on which conflicting perspectives on the controversial issue of sun exposure and health were discussed. In a first session, participants' topic knowledge, word recognition, and working memory were measured. In a second session, participants studied the three web pages to prepare an oral presentation on the issue, before they again completed the topic knowledge measure and responded to two integrative questions that assessed their integration of information across web pages and representations.
INVESTIGATING MULTIPLE SOURCE USE

Investigating Multiple Source Use among Students with and without Dyslexia Introduction
Information on scientific topics is abundant and easily available, and thus, the Internet is increasingly being used for academic purposes by students (e.g., Kammerer, Meier, & Stahl, 2016; Kingsley & Tancock, 2013; Mason, Junyent, & Tornatora, 2014; van Strien, Brand-Gruwel, & Boshuizen, 2014) , including students with dyslexia. Certainly, having a vast amount of information easily available presents learning advantages, but it also gives rise to new concerns. For example, when readers acquire new knowledge from the web, they need to identify relevant information from credible sources and integrate this information into a coherent mental representation across web pages, types of media, and often opposing perspectives before integrating this mental representation with their prior knowledge (e.g., Cho, Woodward, & Li, 2017; DeSchryver, 2015; Rouet & Britt, 2014) . This task can be challenging for any reader, regardless of reading proficiency; however, the task might be particularly challenging for readers with dyslexia, who already struggle with more traditional forms of reading. This is because the integration of information across web pages, media types, and conflicting perspectives might overtax the working memory resources that readers with dyslexia can bring to bear on this task (Brunyé, Taylor, Rapp, & Spiro, 2006; Gathercole, Alloway, Willis, & Adams, 2006) . The present study aims to compare dyslexic and non-dyslexic students' learning and integration of information across web pages and representations (i.e., texts, pictures, and videos) when working with multiple conflicting sources on a socio-scientific issue in a digital environment. As such, it contributes uniquely to the areas of both learning from multiple information sources (Braasch, Bråten, & McCrudden, 2018) and dyslexia, broadening the research agenda in both areas and providing new understanding of what it means to be a struggling reader in the 21st century. INVESTIGATING MULTIPLE SOURCE USE
Single-Source Reading and Dyslexia
Comprehending a single text, whether it is paper-based or digital, involves the construction of mental representations on different levels. According to Kintsch's (1998) highly influential construction-integration model of single-text comprehension, in addition to the surface code (i.e., a verbatim representation of the text), readers construct two levels of mental representations for a single text: the textbase and the situation model. The textbase represents the text-internal meaning of the text, which is constructed when readers decode the graphic symbols (letters), recognize the words, and understand the meaning of the sentences, either through explicit ideas in the text or through inferences. The situation model goes deeper and represents an interpretation of the situation described in the text, based on an integration of the text-internal meaning (the textbase) and relevant prior knowledge. Hence, the textbase is sufficient to reproduce the content of a text on a more superficial level but is insufficient for a deeper understanding (Kintsch & Rawson, 2007) . For such understanding to occur, readers need to integrate the information in the text with their background knowledge; that is, they must construct a coherent interpretation of the situation described in the text. These processes require that relevant information from the text and from knowledge stored in long-term memory is both available and accessible to readers, with working memory being an indispensable cognitive resource in this respect. More specifically, working memory serves as a buffer for the most recently read propositions in a text, permitting their integration to establish coherence, and holds information retrieved from long-term memory to facilitate its integration with the currently active text (Cain, Bryant, & Oakhill, 2004; Cook, Halleran, & O'Brien, 1998 ).
At a more basic level, readers need to devote working memory capacity to word decoding and word recognition to construct the surface code on which the textbase and the situation models rest. Given the limited capacity of the human working memory, both INVESTIGATING MULTIPLE SOURCE USE processing (e.g., word decoding or integration of information from the text and long-term memory) and storage (e.g., holding information from previously read sentences or holding information activated in long-term memory) "compete" for this limited capacity (e.g., Daneman & Carpenter, 1980; Just & Carpenter, 1992) . For readers with dyslexia, in particular, fluent and accurate word decoding can be conceived of as a "bottleneck" of reading comprehension because processing capacity allocated to the more basic technical aspects of reading leaves less capacity for higher order processing and storage (e.g., Gathercole et al., 2006; Just & Carpenter, 1992) .
Developmental dyslexia. Students struggle to read for various reasons, including learning disabilities such as dyslexia. Dyslexia is considered a specific learning disability characterized by difficulties with accurate and/or fluent word recognition, poor decoding skills, and spelling difficulties (Lyon, Shaywitz, & Shaywitz, 2003) , presumably affecting 3-7% of the population (Hulme & Snowling, 2009) . Dyslexia is also considered to have a neurobiological origin (e.g., Shaywitz & Shaywitz, 2008) , and the associated reading and writing difficulties are typically a result of a deficit in the phonological component of language (e.g., Harm & Seidenberg, 1999; Ramus et al., 2003) . Several word reading models distinguish between a phonological pathway to word reading and a more direct lexical pathway (also referred to as semantic or orthographic) (e.g., Rack, Snowling, & Olson, 1992; Seidenberg, 2007) . According to these models, the phonological pathway involves that readers "translate" the word's written form into its corresponding spoken form. The prototypical example of this pathway is beginning readers' blending of sounds into a word, which is a slow and capacity-demanding form of word reading. In the lexical pathway, a written word leads to a direct activation of a word's meaning in a reader's lexicon, and this process is generally assumed to be a prerequisite for rapid and accurate reading (Martens & De Jong, 2008) . However, this lexical pathway requires that words have been encountered INVESTIGATING MULTIPLE SOURCE USE previously and that readers have already established the word's phonological route. Due to phonological problems, readers with dyslexia struggle to master the phonological route, with the consequence that the establishment of the lexical pathway may be delayed or hampered (Hulme & Snowling, 2009) . Hence, readers with dyslexia will often, to a larger degree, and for a longer time, base their word reading on the slow and capacity-demanding phonological route; this process uses a lot of their cognitive (i.e., working memory) capacity to decode words and can have negative consequences for single as well as multiple source comprehension, especially for the integration of information within and across sources (Anmarkrud, Brante, & Andresen, 2018) .
Apart from the phonological deficit, research has indicated that deficits in executive functions such as working memory (e.g., Gathercole et al., 2006; Melby-Lervåg, Lyster, & Hulme, 2012) are associated with dyslexia. Several studies have supported the hypothesis that readers with dyslexia suffer working memory deficits and that these deficits may contribute to difficulties with reading comprehension, independent of the problems such readers have in phonological coding (Berninger, Raskind, Richards, Abbott, & Stock, 2008; Smith-Spark & Fisk, 2007) . Across studies, the working memory deficit typically observed among struggling readers seemed to lead to difficulties in constructing a coherent mental representation of a text during reading (e.g., Borella, Carretti, & Pelegrina, 2010; Follmer, 2018) .
Multiple Source Use in a Digital Context and Dyslexia
There is evidence that students with dyslexia also may experience difficulties reading digital texts in an online context (e.g., Chen & Keong, 2017; McCarthy & Swierenga, 2010) .
However, less is known about how dyslexia affects learning in multimedia contexts such as the Internet. As the Internet is increasingly used for academic purposes, learners are frequently exposed to multiple information sources consisting of multimedia materials (i.e., the combination of text, video, animations, pictures, and so forth). A basic assertion, often INVESTIGATING MULTIPLE SOURCE USE referred to as the multimedia principle, is that people learn more deeply from words and pictures than from words alone (e.g., Butcher, 2014). However, simply adding a picture to printed text or adding an animation to digital text does not automatically lead to improved learning (e.g., Mayer, 2014) . Only when multimedia materials are designed based on how the human mind works does it become efficient for deep learning (e.g., Dutke & Rinck, 2006; Mayer, Heiser, & Lonn, 2001 ).
Several cognitive models have been developed to explain multimedia learning, with Mayer's (2014; Mayer et al., 2001 ) cognitive theory of multimedia learning arguably being the most influential. The model's basic assumption is that multimedia learning rests on a cognitive system with multiple memory stores, with the essential processing component being a capacity-limited working memory system. Further, the model posits that good multimedia learning requires that information from various representations be integrated and that comprehension and learning from multimedia can be hampered by the constraints of the human cognitive system, particularly working memory. According to Schüler, Scheiter, and van Genuchten (2011) , three important implications for multimedia learning can be drawn from working memory research: 1) a reduced or limited working memory capacity will have negative effects on multimedia learning, 2) these negative effects will hinge on which component of working memory that is affected by the resource limitation, and 3) limitations in the central executive and episodic buffer components of working memory will have negative effects on the integration of verbal and pictorial information.¹ Empirical research has identified several basic design principles for multimedia learning that consider the human mind's limited processing capacity. These include the splitattention principle, which posits that splitting learners' attention between two or more sources that must be integrated will have a negative effect on learning due to higher cognitive load compared to an environment in which the information sources are spatially integrated (e.g., INVESTIGATING MULTIPLE SOURCE USE Cerpa, Chandler, & Sweller, 1996; Mayer, 1997; Moreno & Mayer, 1999) ; the redundancy principle, which states that learning material should not combine text and pictures for learners for whom one of the representations is sufficient to build a mental representation because the redundant information requires mental effort without enhancing learning (e.g., Mayer et al., 2001; Moreno & Mayer, 2002) ; and the spatial contiguity principle, which states that learning is more likely to occur when corresponding words and pictures are presented near each other on the page or screen (Mayer, 2014) . When these principles are violated, the likely result is reduced learning (Mayer et al., 2001) . Although web page design should be considered important, few of the web pages a student may encounter when searching the Internet for information are designed with reference to these principles. Hence, learning from the Internet could be a particular challenge for readers with dyslexia, given the combination of capacitydemanding word reading strategies and working memory deficits often seen in this group of readers (Anmarkrud et al., 2018) .
The research base is limited on dyslexic students' Internet reading, however. Studies have explored dyslexia, web accessibility, and interface design (e.g., Borg, Lantz, & Gulliksen, 2015; McCarthy & Swierenga, 2010) ; the ways technology, software, and webbased resources can contribute to dyslexic students' literacy development (e.g., Harrison, 2012) ; dyslexia and search queries (e.g., Al-Wabil, Zaphiris, & Wilson, 2007; Berget & Sandnes, 2015; MacFarlane et al., 2010) ; and the challenges readers with dyslexia experience in navigating hypertext structures (e.g., Al-Wabil et al., 2007) . However, few studies have addressed the particular challenges dyslexic students may experience when trying to integrate information within or across different web pages in a multimedia context. Several studies have examined text + picture integration when students read expository text. These research results are inconsistent, with some studies finding that including pictures can enhance poor readers' text-based learning (e.g., Houts, Doak, Doak, & INVESTIGATING MULTIPLE SOURCE USE Loscalzo, 2006; Levie & Lentz, 1982; Paivio, 1971; Sass & Schütte, 2016; Schnotz, Wagner, Ullrich, Horz, & McElvany, 2017) ; whereas other studies have reported that the inclusion of pictures may hamper poor readers' comprehension (e.g., Hannus & Hyönä, 1999; Harber, 1983; Jian & Ko, 2017; Olander, Brante, & Nyström, 2017; Rose, 1986) . And, although research has demonstrated that students with dyslexia may be able to extract information from both static (Roca, Tejero, & Insa, 2018) and motion graphics (Abtahi, 2012; Taylor, Duffy, & Hughes, 2007) , previous findings have indicated that integrating information across representations is problematic when dyslexic students are tasked to process more complex multimedia learning materials that go beyond merely combining text and pictures. For example, in a study of 30 readers with dyslexia, Beacham and Alty (2006) investigated the effect different combinations of representations, such as textual and visual materials (e.g., diagrams) as well as audio files (voice over), had on participants' learning of statistics. The experiment had three conditions: one group received the learning material as text only, one group received the material as diagrams + voice over, and one group received the material as text + diagrams. The results showed that the dyslexic students in the text-only condition significantly outperformed the two other groups with regard to learning, despite reporting that this was the least preferred version of the learning material.
Similar difficulties in integrating information across representations were also found in MacCullagh, Bosanquet, and Badcock's (2017) interview-based study of 13 university students with dyslexia. The study's aim was to gain knowledge about how university students with dyslexia compensated for their reading difficulties, for example by using online lectures.
Several participants reported that recorded lectures that they viewed online were challenging to follow when the lectures combined representations such as text boxes, recordings of the lecturer, and animations. The participants described how they often had to review the online INVESTIGATING MULTIPLE SOURCE USE lectures several times to benefit from them (e.g., listen to the lecturer the first time, read and watch the text boxes and animations the second time, and take notes the third time).
Of note is that the studies by Beacham and Alty (2006) and MacCullagh et al. (2017) primarily speak to the difficulties readers with dyslexia may have integrating information across different representations in multimedia contexts. At the same time, there is evidence to suggest that dyslexic students in such contexts may draw less on information contained in textual representations and more on information from visual representations when both types of representations are available (Andreassen, Jensen, & Bråten, 2017; Castek, Zawilinski, McVerry, O'Byrne, & Leu, 2011; Henry, Castek, O'Byrne, & Zawilinski, 2012) . Presumably, multimedia learning contexts, such as the Internet, may provide compensatory support for students with dyslexia because drawing on non-textual information (e.g., pictures and videos) can make them less dependent on reading skills (Castek et al., 2011; Henry et al., 2012) .
The Present Study
Given this theoretical and empirical background analysis, we designed a study where we tasked tenth-graders with and without dyslexia to work with three web pages that contained unique and conflicting information about an important socio-scientific issue: the relationship between sun exposure, health, and illness. Each web page contained multiple representations (i.e., a text, a picture, and a video), and participants were asked to study the learning materials in order to prepare a presentation to their class about the issue. In this multimedia scenario, we aimed to investigate potential differences between students with and without dyslexia in the ability to learn from and integrate information across web pages and representations.
Specifically, the study was guided by two research questions. First, to what extent do students with and without dyslexia differ with respect to learning from and integrating information across different web pages and representations when working with conflicting INVESTIGATING MULTIPLE SOURCE USE information about a controversial socio-scientific issue? Several studies have indicated that older students with dyslexia may be able to learn from text after receiving remedial reading instruction (e.g., Bishop & Snowling, 2004; de Olivera, da Silva, Dias, Sebra, & Macedo, 2014; Nation & Snowling, 1998) . And, although some basic research on the causes of dyslexia has suggested that dyslexic readers may struggle with rapid picture naming (e.g., Jones, Branigan, Hatzidaki, & Obregon, 2010; Katz, 1986; Snowling, Wagtendonk, & Stafford, 1988) and the processing of motion (e.g., Cicchini, Marino, Mascheratti, Perani, & Morrone, 2015; Cornelissen, Richardson, Mason, Fowler, & Stein, 1995; Johnston, Pitchford, Roach, & Ledgeway, 2016) , there is currently no evidence to suggest that students with dyslexia would have particular problems extracting information from static (i.e., pictures) or motion graphics (i.e., videos or animations) (Abtahi, 2012; Roca et al., 2018; Taylor et al., 2007) . Hence, we predicted that students both with and without dyslexia would be able to extract factual knowledge from all web pages and representations. At the same time, however, we expected that participants without dyslexia would clearly outperform participants without dyslexia with respect to integration of information across web pages, representations, and conflicting perspectives (cf., Beacham & Alty, 2006; MacCullagh et al., 2017) . This is because such integration has been found to induce processing demands on working memory in previous research on multimedia learning (e.g., Brunyé et al., 2006) . In particular, due to their reading difficulties, we predicted that participants with dyslexia would draw less on information contained in the texts on the three web pages when trying to integrate information than would participants without dyslexia (Castek et al., 2011; Henry et al., 2012) . Further, we expected that participants with dyslexia would draw more on information from pictures and videos when trying to integrate information than would participants without dyslexia, presumably in trying to compensate for their struggle with the textual information (Andreassen et al., 2017; Castek et al., 2011; Henry et al., 2012) . INVESTIGATING MULTIPLE SOURCE USE Second, can likely differences in integration of information across web pages and representations between the two groups of students be explained in terms of differences between the two groups with respect to word recognition, working memory, or both?
Although we expected that students without dyslexia would outperform students with dyslexia with respect to both these individual difference variables, we expected that differences in working memory would contribute more to the difference between the two groups with respect to the integration of information across multiple sources than would word recognition (Brunyé et al., 2006) . Thus, although differences in word recognition also may contribute to differences between students with and without dyslexia with respect to multiple source integration (see above), we expected differences in working memory to be a stronger contributor in this regard.
Method Participants
Participants were 44 tenth-grade students between 15.8 and 16.6 years of age, 22 boys and 22 girls, who attended 10 different public lower secondary schools in southeast Norway.
Of these, 22 (16 boys and 6 girls) were diagnosed with dyslexia, whereas the remaining 22 students (6 boys and 16 girls) did not display any dyslexic symptoms, all scoring above the 20th percentile on a national standardized reading test (The Norwegian Directorate for Education and Training, 2017). These non-dyslexic students constituted a comparison group matched with the dyslexia group for age. We chose the 20th percentile as the cutoff point for the comparison group because we wanted the non-dyslexic reading group to represent a large variety of reading competencies but also wanted to omit very weak readers from the nondyslexic group.
In Norway, if there is concern about a student's reading proficiency, the student will be referred to an educational-psychological service for assessment. After extensive INVESTIGATING MULTIPLE SOURCE USE assessment, the educational-psychological service will diagnose the student with dyslexia, if appropriate, based on test results, classroom observations, and interviews with parents and teachers. The service will also recommend the amount and content of remedial reading instruction. Students who receive remedial reading instruction under The Special Needs Education Act are usually reassessed every other year. Hence, all participants with dyslexia in this study were diagnosed by experts at the educational-psychological service within the last two years, with diagnoses based on criteria included in the definition of dyslexia proposed by Lyon et al. (2003) . This means that all participants with dyslexia displayed difficulties in word recognition, phonological processing, and spelling (Lyon et al., 2003) . Specifically, all participants were assessed with standardized diagnostic test batteries called Logos (Høien, 2014) or STAS (Klinkenberg & Skaar, 2003) , which are frequently used in Scandinavia to diagnose dyslexia. On these test batteries, all participants with dyslexia scored below the 15th percentile on subtests measuring reading fluency, word identification, phonological processing, and spelling, and were simultaneously within the normal range on subtests measuring listening comprehension. None of the dyslexic participants had comorbid conditions such as attention deficit disorder, specific language impairment, or more general learning disabilities.
All participants, both with and without dyslexia, had normal or corrected-to-normal vision. Members of the comparison group were recruited by asking the teachers of dyslexic students for a fellow student who fulfilled the inclusion criterion (i.e., scoring above the 20th percentile on the national standardized reading test).
Learning Materials
Participants were given access to a mock (i.e., researcher generated) Internet site titled "Sunbathing and health", which contained three different web pages about the controversial issue of sun exposure and health. These web pages presented two main perspectives: sun INVESTIGATING MULTIPLE SOURCE USE exposure is beneficial versus sun exposure is harmful. Each web page contained a title and a lead paragraph explaining the overall content of that page, and then presented a video, a short text, and a picture in that order. The first page contained information about the nature of ultraviolet radiation, different wavelength bands, how ultraviolet radiation is measured, and how different types of ultraviolet radiation affect the skin. The second page presented research arguing that sun exposure is healthy because it increases the production of vitamin D, which can protect against cancer, particularly in inner organs. The third page focused on the harmful effects of sun exposure due to increased risk of skin cancer, in particular basal cell carcinoma and melanoma. and explained that sun exposure cannot be considered a safe source of vitamin D. The main idea units of the different representations (i.e., the texts, the videos, and the pictures) were unique, which made it possible to trace each idea unit in participants' post-reading answers to a particular representation on a particular web page. Of note is that the learning materials were designed in accordance with design principles for multimedia learning (Mayer, 2014) . Thus, we took the spatial contiguity principle (e.g., Austin, 2009; Johnson & Mayer, 2012) into consideration by presenting text, videos, and pictures near each other on the web pages, and we omitted redundant information across the different representations in accordance with the redundancy principle (e.g., Mayer et al., 2001; Moreno & Mayer, 2002) . Table 1 provides an overview of the content of the three web pages.
[ Table 1 about here]
The texts that were included on the web pages (one on each page) contained 83, 92, and 90 words, and ranged in readability from 37 to 40 (see Table 2 ). These readability scores were based on Björnsson's (1968) formula, taking word length and sentence length into consideration. This formula yields readability scores ranging from about 20 (very easy text) to about 60 (very difficult text). Vinje (1982) reported that textbooks used in Norwegian upper-INVESTIGATING MULTIPLE SOURCE USE secondary school had a readability score of approximately 42 and that public information texts from the Norwegian government had a readability of 45. Of note is that Björnsson's formula does not provide readability scores corresponding to grade levels but rather to the difficulty of reading materials, with a readability score of 40 corresponding to the difficulty level of "average text" (Björnsson, 1983) .
[ Table 2 Working memory measure. Working memory was measured using a Norwegian adaptation of Swanson and Trahan's (1992) Working Memory Span Task (Braasch, Bråten, INVESTIGATING MULTIPLE SOURCE USE Strømsø, Anmarkrud, & Ferguson, 2013) . This measure is derived from Daneman and Carpenter's (1980) original Reading Span Test. The instructor read 12 sets of unrelated sentences aloud with a 2-second interval between each sentence. The sets gradually increase from two to five sentences. Participants were tasked to simultaneously a) answer a comprehension question about an unknown sentence after the final sentence was read, and b) remember the final words from each of the sentences. For each of the 12 trials, participants were awarded 1 point if they correctly answered the comprehension question and one additional point for each of the final words they recalled. If participants failed to answer the comprehension question correctly, they did not receive any points for that set regardless of how many final words they recalled. Cronbach's α for scores on this measure was .73.
Topic knowledge measure. To assess participants' knowledge about the topic of sun exposure and health, we administered a 12-item multiple-choice measure. This measure was adapted from a measure used and validated in prior research (e.g., Bråten, Anmarkrud, Brandmo, & Strømsø, 2014) . The items referred to concepts and information relevant to the topic discussed in the learning materials (e.g., UV radiation, skin cancer, and production of vitamin D). Participants' scores were the number of correct responses out of 12. Because the topic knowledge measure was administered both before and after participants worked with the learning materials, learning gain was calculated by subtracting the first score from the second.
The internal consistency reliability (Kuder-Richardson 20) for scores on the topic knowledge measure was .69 at pre-test and .71 at post-test.
Multiple source integration task. Multiple source integration was assessed by asking participants to respond orally to two open-ended questions modeled on the integrative shortessay tasks used by Rukavina and Daneman (1996) to measure students' understanding of a controversial scientific issue. Of note is that this approach also has been used effectively in several previous studies of multiple source integration (e.g., Barzilai & Ka'adan, 2017; Bråten INVESTIGATING MULTIPLE SOURCE USE et al., 2014; .The first question was, "Could you explain the relationship between sun exposure, health, and illness?" The second question was, "Could more than one view on the relationship between sun exposure, health, and illness be correct?
Yes or no? If yes, why? If no, why not?" Following Rukavina and Daneman, we considered our first question indirectly to require participants to integrate different perspectives across web pages and representations, or, at least, to consider each perspective's claims and reasons.
Our second question was considered directly to require participants to pit perspectives against each other, measuring how well they could reason about the issue in terms of the claims and reasons presented across web pages and representations.
The oral responses were audio taped and transcribed before they were scored. The responses were scored in three steps. In the first step, we coded responses to both questions based on the extent to which participants integrated the two main perspectives represented in the materials (i.e., sun exposure is healthy vs. sun exposure is harmful), regardless of the web pages and representations they drew upon in their responses. On the indirect integrative question, participants could obtain scores between 0 and 5. A score of 0 was given for no response or for irrelevant information. A score of 5 was given for mentioning the two main perspectives and providing elaborate explanations or reasons for both perspectives as well as relating the two perspectives to each other by comparing and/or contrasting them and trying to reconcile them. The first and second authors independently scored a random selection of 22 participant responses (i.e., 50%) to the first question, initially agreeing on 80% and resolving all disagreements through discussion. The remaining responses to the first question were scored by the second author. On the direct integrative question, we first coded whether participants recognized that the main perspectives were not mutually exclusive and might be reconciled (i.e., whether participants answered "yes" or "no" to the question). Second, we coded to what extent participants could explain and reconcile the two perspectives (i.e., when INVESTIGATING MULTIPLE SOURCE USE they answered "yes") and to what extent they could select one of the perspectives and provide explanation or reason for that perspective (i.e., when they answered "no"). Again, scores could range from 0 to 5. A score of 0 was given when participants answered "no" to the question without providing any further justification for their answer. A score of 5 was given when participants answered "yes" to the question, mentioned the two perspectives, provided elaborate explanations or reasons for both, and related the two perspectives to each other by explaining how they may be reconciled. The first and second authors independently scored a random selection of 22 participant responses (i.e., 50%) to the second question, initially agreeing on 83% and resolving all disagreements through discussion. The remaining responses to the second question were scored by the first author. Participants' scores on the two integrative questions were collapsed, which means that their scores after this step could range from 0 to 10. Please see Table 3 for the entire coding system used for scoring the oral responses in the first step.
[ Table 3 about here]
In the second step, we assessed the extent to which participants drew on information from the three different web pages and the different types of representations on each web page (i.e., text, video, and picture) when constructing their oral responses to the two questions.
Please remember that the main idea units of each representation were unique, which allowed us to trace an idea unit included in an oral response back to a particular representation on a particular web page. The first and second authors independently coded a random selection of 22 participant responses (i.e., 50%) to both questions, initially agreeing on 85% of the origin of the idea units and resolving all disagreements through discussion. The remaining responses were scored by the first author. In the second step, participants could obtain scores between 1 and 2.98. In addition to a constant of 1, participants were awarded a score of 0.33 for each web page and a score of 0.11 for each representation (i.e., text, video, or picture) that they INVESTIGATING MULTIPLE SOURCE USE used in their responses. For example, a participant who included idea units from the text and the video on the first web page would obtain a score of 0.33 for the web page and a score of 0.11 each for the text and the video, so this participant's score would be 1.55 (including the constant). If this participant additionally drew on the video on the second web page, he or she would obtain a score of 0.33 for that web page and 0.11 for that video, resulting in a score of 1.99 (including the constant). We awarded a score of 0.33 for each web page and a score of 0.11 for each representation because we considered the entire web site to consist of three parts (i.e., web pages), which were again divided into three representations.
In the third step, we computed each participant's total multiple source integration score by multiplying the participant's score from the first and second steps. In this way, we considered both the integration of the main perspectives (step one) and the coverage of the learning materials (step two) when assessing multiple source integration. Thus, on the multiple source integration task, participants could obtain a maximum score of 29.8 (i.e., 10 x 2.98). The reason we added a constant of 1 to each participant's score in the second step was to avoid that any participant obtained a lower total multiple source integration score than what was obtained in step one.
Procedure
Data collection took place in two different sessions, approximately two weeks apart.
All data were collected by the first author in participants' home schools either during the school day or directly afterwards. In the first session, the measures of topic knowledge, word recognition, and working memory were individually administered in that order. This testing lasted approximately 40 minutes. In the second session, participants individually studied the three web pages with the following instruction read aloud: "Sun exposure and health is a topic of current interest. Imagine that you are supposed to hold an oral presentation on this topic for your fellow students. Here are three web pages you can use to prepare the presentation. You INVESTIGATING MULTIPLE SOURCE USE may have 30 minutes studying these pages (please do not take any notes). You can move between the pages as much as you like and read them in the order you choose". The three web pages were presented on a T540P Lenovo laptop with a 15.6" monitor and 1920 x 1080 resolution. All the text material on the three pages was written in black Arial font (size 14) on a white background with 1.5 line spacing. To check whether participants processed all representations on all three web pages, we recorded their eye movements while working on the web pages. For this purpose, we used a Tobii X2-60 eye-tracker with a sampling rate of 60 Hz. After working on the three web pages, they were administered the topic knowledge test for the second time and responded to the oral integration task. The second session lasted approximately 60 minutes.
In both sessions, all instructions and questionnaire items were read aloud to participants while they had their own printed copy in front of them. This procedure was followed to ensure that results on the different measures were as little as possible affected by the reading difficulties of the participants with dyslexia.
Results
After having ensured that all participants had processed all representations on all three web pages by means of the eye movement recordings, we computed zero-order correlations for all measured variables in the entire sample. As can be seen in Table 4 , working memory was positively correlated with word recognition (r = .409, p = .006) and multiple source integration (r = .538, p = .000), indicating that participants with better working memory capacity were more likely to score higher on word recognition skills and multiple source integration than were participants with less working memory capacity. Moreover, word recognition skills were positively correlated with multiple source integration (r = .452, p = .003), indicating that when participants had better word recognition skills, they also had higher scores on the multiple source integration task. Finally, prior topic knowledge and post-INVESTIGATING MULTIPLE SOURCE USE reading topic knowledge were positively correlated (r = .309, p = .047). Thus, when the participants had better knowledge of the topic before reading, they achieved higher results on the post-reading topic knowledge measure as well.
[ Table 5 about here] Also with regard to working memory, students with dyslexia (M = 15.91, SD = 7.27) were outperformed by students without dyslexia (M = 27.23, SD = 9.14), with t(42) = -4.54, p = .000. Again, the difference between the two groups was large, with Cohen's d = 1.37).
However, no reliable differences were found between the two groups with regard to prereading topic knowledge, post-reading topic knowledge, or knowledge gain.
As hypothesized, participants with dyslexia (M = 8.70, SD = 3.99) were also outperformed by participants without dyslexia (M = 14.66, SD = 6.17) on the multiple source integration task, with t(40) = -3.74, p = .001, and a large effect size (Cohen's d = 1.16). In particular, the students with dyslexia (M = 0.77, SD = .81) were much less likely than students without dyslexia (M = 1.70, SD = .66) to draw on textual sources when constructing their oral responses, with t(40) = -4.04, p = .000, Cohen's d = 1.26. However, no reliable differences were observed between the two groups with regard to their use of pictorial or video sources, which was not consistent with our hypothesis.² INVESTIGATING MULTIPLE SOURCE USE [Table 5 about here] Next, we computed an analysis of covariance (ANCOVA) with group (students with vs. without dyslexia) as the independent variable, multiple source integration as the dependent variable, and working memory and word recognition as covariates. Results of evaluation of the assumptions for performing ANCOVA was satisfactory. After adjustment by the covariates, there was no statistically significant difference between the two groups of students on the multiple source integration task, F (1, 38) = 1.28, p = .26, partial ƞ 2 = .033. Only working memory uniquely adjusted multiple source integration scores after being adjusted for the other covariate and the main effect, F (1,38) = 4.50, p = .041, partial ƞ 2 = .106, indicating that students with better working memory were more likely to perform well on the multiple source integration task than were students with poorer working memory. However, the other covariate, word recognition, had no statistically significant effect on multiple source integration, F (1,38) = 1.80, p = .187, partial ƞ 2 = .045. This suggests that most of the difference between dyslexic and non-dyslexic readers that we observed on this task could be attributed to the differences in working memory capacity between the two groups. The difference between the adjusted marginal means of the two groups of students on the multiple [ Figure 1 about here]
Finally, we explored whether working memory mediated the effect of group (students without vs. with dyslexia) on multiple source integration. As indicated above, students without dyslexia scored higher on both working memory and multiple source integration than students with dyslexia. Further, there was a positive relationship between working memory and multiple source integration. This pattern of findings allowed us to test the indirect effect INVESTIGATING MULTIPLE SOURCE USE of group on multiple source integration via working memory. In this analysis, group was contrast coded (without dyslexia = 1, with dyslexia = -1) and the other variables were centered and standardized. The indirect effect was tested using a bootstrap estimation approach with 1000 samples (Preacher & Hayes, 2008) . The model accounted for a statistically significant portion of the variance, adjusted R 2 = .42, p = .0000. Also, the bootstrapped results showed a positive statistically significant indirect effect of group on multiple source integration via working memory, yielding an estimate of 0.22 (CI 95% : 0.02 to 0.47). As can be seen in Figure 1 , the direct effect of group on multiple source integration was also statistically significant, b = .37, SE = .15, p = .015, which is consistent with a partial mediation.
Discussion
Despite large differences between participants with and without dyslexia with respect to word recognition and working memory, both groups of students were able to gain knowledge about the topic from working with the learning materials, as measured by the difference between their pre-and post-reading topic knowledge scores. However, participants without dyslexia performed much better than those with dyslexia in regard to integration of information across web pages and representations. Moreover, when trying to integrate information, participants without dyslexia were found to draw more on textual information presented on the web pages than participants with dyslexia, while there were no differences between the two groups regarding their use of information presented by means of pictures or videos. Finally, our findings indicated that the difference between the two groups with respect to the integration of information was more strongly related to differences in working memory than to differences in word recognition, with working memory also mediating the effect of group on multiple source integration. INVESTIGATING MULTIPLE SOURCE USE It was consistent with our hypothesis that participants with dyslexia could extract information about the topic from the various web pages and representations included in the learning materials, which made them able to recognize the correct answers on the multiplechoice topic knowledge test at approximately the same level as the participants without dyslexia. Similarly, previous research has found a dissociation between word recognition skills and reading comprehension among adolescents and younger adults with dyslexia (e.g., Bruck, 1990; Ransby & Swanson, 2003; Conners & Olson, 1990) . Presumably, when word recognition skills exceed a critical threshold, for example as a result of remedial reading instruction and reading experience through elementary and middle grades, readers with dyslexia can obtain close to age-appropriate results on some reading comprehension tests and gain information from working with multiple information sources on a par with students without dyslexia.
The substantial difference between the two groups of students on the multiple source integration task was also as hypothesized. A high score on this measure required the integration of idea units across web pages and representations into a coherent mental model of the issue of sun exposure, health, and illness, that is, a coherent model to which the texts, pictures, and videos conjointly refer, combined with relevant prior knowledge from long-term memory (Dutke & Rinck, 2006; Schnotz & Bannert, 2003) . This is a challenging task that would have to be performed within the boundaries of working memory (e.g., Brunyé et al., 2006; Dutke & Rinck, 2006; Schüler et al., 2011) . Hence, these results may indicate that the working memory deficits often seen among individuals with dyslexia made it difficult to move beyond the propositional level of the individual representations (sufficient for recognizing the correct answer on the multiple-choice test) to construct a coherent and wellintegrated mental model of the learning materials. Given the word recognition problems INVESTIGATING MULTIPLE SOURCE USE characterizing dyslexia, the text readings were also likely to contribute an extra working memory load for the dyslexic group compared to the non-dyslexic group.
While it was consistent with our hypothesis that the non-dyslexic group drew substantially more on the textual sources in the multiple source integration task, we did not hypothesize that participants with and without dyslexia used information from pictures and videos to the same extent. Multimedia environments, such as the Internet, can provide comprehension support for readers with dyslexia by providing non-textual representations (e.g., pictures, videos, animations, and so forth), making them less dependent on their reading skills (Castek et al., 2011; Henry et al., 2012) . Our results indicate that the participants with dyslexia did not use this opportunity, however. One possible interpretation is that given the context of this study (i.e., learning about a socio-scientific issue, data collected at the participants' schools, and so forth), the participants might have entered an "academic mode" in which they paid more attention to the texts. Prior research has identified a text superiority effect (e.g., Corriveau, Einav, Robinson, & Harris, 2014; Einav, Robinson, & Fox, 2012; Eyden, Robinson, Einav, & Jaswal, 2013) , implying that children tend to put more trust and emphasis on information from written information compared to other types of information. In other words, both participant groups may have deemed the textual information as the most important, but only the non-dyslexic group was able to integrate the textual information into their mental model of the issue in question.
Students with dyslexia may have difficulties constructing a coherent mental model of multimedia learning materials because of poor word recognition skills, that is, because reading puts too heavy a load on working memory and therefore leaves too little available working memory capacity for information to be integrated (Hulme & Snowling, 2009; MelbyLervåg et al., 2012) . Other possibilities are that limited working memory capacity among students with dyslexia is the main contributor to poor multiple source integration, or that both INVESTIGATING MULTIPLE SOURCE USE poor word recognition skills and limited working memory capacity play important roles (Anmarkrud et al., 2018) . In addressing this issue, the results of our analysis of covariance showed that after adjusting for differences with respect to word recognition skills and working memory capacity, no statistically significant difference between the two groups was observed on the multiple source integration task. Moreover, in this analysis, only working memory capacity had a statistically significant effect on multiple source integration. In line with our hypothesis, this indicates that the difference between students with and without dyslexia on this task could largely be attributed to the difference in working memory capacity between the two groups, with working memory, accordingly, found to mediate the effect of group on multiple source integration.
As previously described, learning multimedia materials can place a high demand on the capacity-limited working memory system, and extensive research has provided recommendations for how multimedia learning materials could be organized to reduce processing demands. Thus, when designing the learning materials for this study, we omitted redundant information to not violate the redundancy principle (e.g., Mayer et al., 2001; Moreno & Mayer, 2002) , and we considered the spatial contiguity principle (e.g., Austin, 2009; Johnson & Mayer, 2012) , presenting text, videos and pictures near each other on the web pages. Despite these efforts, the participants with dyslexia clearly struggled to integrate information across the web pages and representations. Given their difficulties in this restricted web environment developed in accordance with important design principles within multimedia learning, it seems reasonable to assume that such difficulties integrating information will be exacerbated when students with dyslexia go online to learn about complex issues from multimedia materials located on the Internet. With respect to education, this highlights the need to design and implement instruction that engages students with dyslexia in guided reading tasks to promote their strategic building of coherent mental models from INVESTIGATING MULTIPLE SOURCE USE multiple information sources (Cho & Afflerbach, 2017; Goldman, Snow, & Vaughn, 2016 There are several limitations to the current study that suggest avenues for future research in this area. Thus, further research is required to probe the generalizability of our findings based on a limited number of students who volunteered to participate in the study, and experimental approaches are needed to draw firmer conclusions regarding causal relationships. Moreover, future research should investigate other issues than sun exposure and health, because the topic discussed in the learning materials may influence findings due to factors such as topic interest and prior knowledge. Finally, the mock internet site including only three web pages could be considered a threat to the ecological validity of the study.
Please note, however, that the reason we used a closed site with only three web pages was that we wanted to be able to trace post reading oral responses back to specific web pages and representations. Also, we wanted to enhance construct validity by ensuring that we measured the complexity of the integration task per se and not the influence of commercials and many other distractors that typically appear on authentic web pages. Still, because participants both with and without dyslexia learned about a controversial socio-scientific issue discussed across various web pages and representations, we would argue that this study fares better than most other studies in this area with respect to ecological validity and thus represents an important step towards studying struggling readers in more authentic reading and learning situations. ² Although the purpose of this study was to assess integration across web pages and representations rather than within single web pages, with this purpose also reflected in how the task instruction as well as the questions used to probe multiple source integration were formulated (e.g., Could more than one view on the relationship between sun exposure, health, and illness be correct?), we also explored the extent to which students in the two groups used representations presented on each web page in their oral responses. Thus, from the first web page students without dyslexia used 0.25 (SD = 0.55) and students with dyslexia used 0.23 (SD = 0.43) representations on average, from the second web page students without dyslexia used 1.55 (SD = 0.60) and students with dyslexia used 1.23 (SD = 0.53) representations on average, and from the third web page students without dyslexia used 1.25 (SD = 0.64) and students with dyslexia used 0.95 (SD = 0.65) representations on average. None of these within page differences between the groups were statistically significant, with ts < 1.85, ps > .07. INVESTIGATING MULTIPLE SOURCE USE A two minute long interview with a physics professor explaining how the ultraviolet radiation index (UV index) is used to measure the strength of UV radiation. The professor also explains how seasons, clouds, thickness of the ozone layer, water, and snow affect the strength of UV radiation. Finally, the professor explains that UV radiation in a sunbed usually is more intense than in natural sunlight.
Conclusion
An 87 word text explaining that UVradiation is a type of electromagnetic radiation coming from the sun. The text also explains that UV radiation can be found in sunbeds.
The picture describes the three different types of UV radiation (UV A, B, and C), and that it is UV A that gives us a tan and UV B that makes us sunburned, while UV C is stopped by the ozone layer and does not reach the ground. 
